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PLASMA ctDNA RAS STATUS SELECTS PATIENTS FOR ANTI-
EGFR TREATMENT RECHALLENGE IN METASTATIC COLORECTAL
CANCER: A META-ANALYSIS
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Background: Recently one randomized trial and several phase I studies underscored that patients with metastatic colorectal cancer
who progressed after an initial clinical benefit from anti-epidermal growth factor receptor (EGFR) treatment may further benefit
from rechallenge with anti-EGFR therapy. Testing circulating tumor DNA (ctDNA) RAS status prior to anti-EGFR rechallenge
seems a promising non-invasive method to predict and monitor response to anti-EGFR readministration. 4im: To assess the ca-
pability of liquid biopsy ctDNA in exploring RAS status and in predicting outcome of metastatic colorectal cancer patients treated
with anti-EGFR monoclonal antibody rechallenge. Materials and Methods: Systematic review of literature and meta-analysis
of the available evidence. Results: Data from four studies involving 117 patients were available. All patients harbored RAS wild
type tumors and derived benefit from first line anti-EGFR therapy. Of these, 65 underwent plasma ctDNA before anti-EGFR
treatment rechallenge and were eligible for analyses: 35 patients had RAS wild type ctDNA, and 30 RAS mutated, indicating that
46% of patients underwent RAS status conversion after primary anti-EGFR therapy. Anti-EGFR rechallenge among patients with
plasma ctDNA RAS wild type status was associated with a consistent benefit in progression free survival (hazard ratio (HR) 0.40,
95% confidence interval (CI)0.22—0.70; p = 0.001; I>= 0) and overall survival (HR 0.37, 95% CI1 0.16—0.85; p = 0.02; I>*= 74%)
when compared to its use among patients with plasma ctDNA RAS mutation. Patients with plasma ctDNA RAS wild type profile
also performed statistically better in term of disease control rate, risk for disease progression at 3 and 6 months, and risk for death

at 6 and 12 months. Conclusion: RAS status assessment continues to be useful in predicting benefit for anti-EGFR treatment.
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The use of anti-epidermal growth factor receptor
(EGFR) antibodies cetuximab and panitumumab com-
bined with cytotoxic chemotherapy has been shown
to be effective in the treatment of wild-type KRAS
colorectal cancer [1]. Little is, however, known about
the possibility of anti-EGFR rechallenge in further lines
of treatment. Recently, a small randomized trial and
some phase Il studies underscored that some patients
with metastatic colorectal cancer, who progressed after
an initial clinical benefit on anti-EGFR treatment, may
further benefit from the use of anti-EGFR rechallenge [2].

Nonetheless, it has been shown that RAS mutation
conversion may occur in up to 48% of patients over
the course of treatment [3]. Therefore, the original
assessment of RAS status might not be representative
or useful for therapeutic decision making in further
lines of treatment. Furthermore, even among patients
remaining RAS wild type after initial anti-EGFR therapy,
new driver mutations to other genes may be selected
for leading to treatment resistance [4].

The question that arises is how we can screen
patients who can benefit from anti-EGFR treatment
rechallenge, specifically whether RAS status continues
to be a valid marker for patient selection.

Liquid biopsy, by the detection of circulating tumor
DNA (ctDNA) in plasma, due to its high specificity and
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sensitivity, is the most rapid and non-invasive modality
by which we can easily explore and monitor tumor RAS
status before, after and during the course of therapy.
Testing ctDNA RAS status prior to anti-EGFR treatment
rechallenge may constitute a promising non-invasive
method to predict tumor response to anti-EGFR re-
administration among pretreated patients [5, 6].

We therefore performed a systematic review
of literature and meta-analysis in order to evaluate the
cumulative available evidence for the use of ctDNA
in exploring RAS status prior to treatment with anti-
EGFR agents rechallenge among metastatic colorectal
cancer patients. Our primary outcome was to validate
the predictive utility of ctDNA RAS status in predicting
response to anti-EGFR antibody re-administration.

The aim of the study is to assess the value of ctDNA
liquid biopsy and RNA wildness in predicting response
outcome to anti-EGFR re-administration (cetuximab
or panitumumab) combined with chemotherapy among
patient who progressed after having experienced clini-
cal benefit to a previous treatment with anti-EGFR.

MATERIALS AND METHODS

Identification of studies. We searched PUBMED,
SCOPUS, COCHRAN and ISI WEB OF KNOWLEDGE
Central Register of Trials, without year and language
restriction. We used (colon or rectal or colorectal)
and (pantitumumab or cetuximab) and (rechallenge
or retreat or repeat) as searching algorithm. The last
search was updated in February 2020. Based on the
title and abstract, we downloaded or requested full
articles. Reference lists in these trials were checked
to identify any other published or unpublished data.
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In order to minimize the possibility to lose relevant
data that couldn’t be unearths by library searches,
we hand-searched the references of review articles
and evaluated symposia proceedings, poster presen-
tations, and last five years major oncology conferences
American Society of Clinical Oncology, European Soci-
ety for Medical Oncology, American Society of Clinical
Oncology Gl, European Society for Medical Oncol-
ogy GI. We also searched last five years of six major
oncology journals (JCO, Lancet Oncology, Lancet,
Annals of Oncology, New England, JAMA Oncology).

Primary outcome: summary survival analysis for the
comprehensive available evidence for overall survival and
progression free survival for anti EGFR re-challenged
patient RAS ctDNA wild type vs RAS ctDNA mutant.

Secondary outcome: to assess eventual differ-
ences in the risk for death at 6 and 12 months, in the
risk for progression at 3 and 6 months, in the disease
control rate and disease progression among the two
overmentioned populations.

Substrate for analyses were studies analyzing pa-
tient having received benefit from a previous anti-EGFR
chemo-treatment regimen and who performed ctDNA
analyses prior to proceed to are-challenge with a further
anti-EGFR chemo regimen and who proceed to treatment
independently by the documented ctDNA RAS status.

Study eligibility. Patients included in the trial should
have had RAS wild-type profile of patients in the initial
tumor and progressed after having had a clinical benefit
from a prior administration of an anti-EGFR chemo regi-
men treatment. All patients should have had a ctDNA
liquid biopsy prior anti-EGFR treatment rechallenge
with panitumumab or cetuximab for their metastatic
colorectal cancer. Anti-EGFR treatment should have
been rechallenged in combination with a chemo cyto-
toxic chemotherapy of documented activity in colorectal
cancer. Combination with investigational agents of un-
confirmed /investigational activity in colorectal cancer
were excluded. If multiple publications were available for
the same trial, we retrieved survival data from the most
recent publication and the most informative. No year
or language restriction was applied. Single arm studies
evaluating treatment rechallenge only among ctDNA
RAS wild type or only among ctDNA RAS mutant were
excluded. Case report was also excluded.

Data extraction. From each eligible study we re-
corded authors’ name, study’s name, study’s design,
the number of patients initially scrutinized and the
number of patients eligible and analyzed, the patients’
performance status, the first treatment with anti-EGFR
and the rechallenge regimen, the molecular profile,
the response rate at the first line treatment and at the
rechallenge, overall survival and progression free sur-
vival hazard ratios (HR) and their 95% CI, the number
of deaths at 6 and 12 months, and the number of pa-
tients with progressive disease at 3 and 6 months.

Statistical analysis. For meta-analyses of the
time-to-event outcomes (OS and PFS times), the most
appropriate statistic is HR. If provided in a trial report,
the HR and associated variances were used directly

in the meta-analysis. HRs and 95% confidence intervals
(Cl) were pooled according to the inverse of variance
method. An HR < 1 favored use chemotherapy among
patients with RAS wild type ctDNA for any outcomes,
except for Disease Control Rate (where a relative risk
(RR) > 1 favored RAS wild type ctDNA patients group).
Risk ratio estimates were used at time point analyses
for OS (6, 12 months) and PFS (3, 6 months). The meth-
ods described by Parmaret etal. [7] and Tierney etal. [8]
were utilized to estimate HRs and RRs, when these data
were not directly provided by the published studies. For
this reason, the published Kaplan — Meier curves were
used to reconstruct the sought data with the aid of a digi-
tizing software in order to assure the highest precision
possible [9]. The x2 test of heterogeneity and the 12 sta-
tistic ofinconsistency were used to assess heterogeneity
among studies. Statistically significant heterogeneity
was defined asax2 p-value < 0.1 or an I? statistic > 50%.
Since the number of studies analyzed were only
2-3ineach setting and considering that studies’ sample
sizes were very small but similar across trials, pooled es-
timates of HRs with their 95% Cls were calculated using
the fixed-effects method, since random effect models
might be not applicable in these circumstances [10].
Analyses were performed with RevMan 5.4.

RESULTS

Electronic searches yielded 418 hits: 83 from
PubMed, 58 from Cochrane, 138 from Scopus and
139 from 1SI Web of Knowledge. Of these, 372 were
excluded by abstract or title and 45 by full text articles
analyses. As a result, only one eligible trial was identi-
fied from databases searches [3]. Nonetheless, data
from this trial available for analyses were presented only
from a conference poster presentation [11]. Screening
for abstracts of major oncology conferences led to the
identification of three further eligible studies [12-14],
even in these cases relevant data from these studies
were available through their poster presentations [14,
15]. Overall data from four trials (E-RECHALLENGE,
CRICKET, JACCRO CC-08 and JACCRO CC-09) in-
volved 117 patients, 65 of them underwent plasma
ctDNA testing before anti-EGFR rechallenge and were
eligible for analyses: 35 patients with RAS wild type
ctDNA, and 30 with RAS mutant ctDNA. All four trials
were prospective. In all the studies, the ctDNA analysis
performed prior anti-EGFR rechallenge was conducted
optionally, did not drive the administration of treatment
rechallenge and it was an exploratory endpoint. Two
trials were presented as combined analyses JACCRO
CC-08-09 [15]. Sample sizes were small and similar
across trials (Table 1). All studies included patients
with performance status less or equal than two and all
trials were performed in 3™ or more line setting. In three
studies treatment rechallenge was performed with ce-
tuximab plus irinotecan (CRICKET, E-RECHALLENGE,
JACCRO CC-08) while in JACCRO CC-09 panitumumab
plus irinotecan was used. [11, 14, 15].

RAS conversion rate. All the patients included
in the four trials were RAS wild type at baseline and have
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had clinical benefit from first line anti-EGFR treatment
+ chemotherapy. Of note, ctDNA testing prior to anti-
EGFR rechallenge revealed that 30/65 patients (46%)
were RAS ctDNA mutant, underscoring that the propor-
tion of patients undergoing RAS status conversion after
treatment may be particularly high (Table 1) [11, 14, 15].

Primary outcomes. We found that anti-EGFR
antibody rechallenge for patients with plasma ctDNA
RAS wild type was associated with a consistent benefit
in progression free survival when compared to its use
among plasma ctDNA RAS mutant patients: in 65 ana-
lyzed patients from four studies, a HR 0.4 (95%
Cl10.22-0.70) p = 0.001 was observed, with no study
heterogeneity (12 = 0), (Fig. 1) [11, 14, 15]. Benefit
favoring the plasma ctDNA RAS wild type population
was also observed for overall survival. In three studies
included (JACCRO 08-09, CRICKET) [11, 15], a cu-
mulative HR 0.37 (95% CI 0.16-0.85) p = 0.02, was
found, although the number of patients included was
particularly low (41 patients), and large heterogeneity
was observed 1= 73.6 (Fig. 2).

Secondary outcomes. No complete response
was observed in either in ctDNA RAS wild type and
in ctDNA RAS mutant population groups.

The proportion of progressing patients was nota-
bly higher among ctDNA RAS mutant patients (Risk
of progression for ctDNA wild vs mutant status RR =
0.44, 95% CI 0.20-0.98) (Table 2). Accordingly, the
proportion of patients at risk for disease progres-
sion at 3 months [RR = 0.44, 95% CIl 0.23-0.83] and

Hazard Ratio Hazard Ratio

Study or Subgroup  Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
CRICKET 45.4%  0.44[0.19, 1.02] —
E-RECHALLENGE 39.7% 0.49[0.20, 1.21] — &
JACCRO CC-08/09 14.9% 0.16 [0.04, 0.70]
Total (95% Cl) 100.0%  0.40 [0.22, 0.70] -
ity: Chiz = = = S2=0% F + + J
Heterogeneity: Chi2 = 1.73, df = 2 (P = 0.42); I?= 0% '0.01 OT1 1'0 100'

Test for overall effect: Z = 3.20 (P = 0.001) Favours (WT) Favours (MT)

Fig. 1. Fixed effect model meta-analysis for progression free
survival

Hazard Ratio Hazard Ratio

Study or Subgroup  Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
CRICKET 76.7%  0.58[0.22, 1.52] —
JACCRO CC-08/09 23.3% 0.08 [0.01, 0.46] ol
Total (95% CI) 100.0%  0.37 [0.16, 0.85] -
itv: Chiz = = = c12=749% + + J
Heterogeneity: Chiz = 3.78, df = 1 (P = 0.05); I> = 74% 0.01 o1 10 100

Test for overall effect: Z = 2.34 (P = 0.02) Favours [WT] Favours [MT]

Fig. 2. Fixed effect model meta-analysis for overall survival

6 months [RR=0.77,95% CI 0.61-0.98] were statisti-
cally higher among ctDNA RAS mutant patients.

Conversely, disease control rate was statisti-
cally superior among ctDNA RAS wild type patients
group[RR 1.74,95% CI 1.11-2.73], and the risk of death
both at 6 months [RR = 0.21, 95% CI 0.07-0.62] and
12 months [RR = 0.46, 95%CI 0.25-0.83] were sta-
tistically higher among ctDNA RAS mutant patients.

No study heterogeneity was observed for second-
ary outcomes (Table 2) (Appendix).

DISCUSSION

To the best of our knowledge, this is the first meta-
analysis and full-paper peer-reviewed manuscript
evaluating the role of ctDNA RAS assessment in pre-
dicting response to anti-EGFR antibody rechallenge

Table 1. Study characteristics and RAS conversion rate at anti-EGFR rechallenge

. Original - CDNA Re- Gene mutated (number of patients)  RAS conver-
Study Al Eligible RAS status 1*line Rechallenge ct:\:SII;?ngee Molecular Analysis sion rate
JACCRO CC-08 58 16  RAS 1¢'line cetuximab +  Irinotecan +  RASwt 10  KRAS Exon 2 codon 12 / Exon 3 codon 37%
JACCRO CC-09 wild type  Doublet JACCRO CC- Cetuximab RASmut 6 61/ NRAS exon 3 codon 61 (3),
(JACCRO CC- 08 (4pts) OR (JACCRO CC- KRAS Exon 2 codon 12 / NRAS exon
09/09AR) 1% line panitumumab + 08) 3 codon 61 (1),
Doublet JACCRO CC- KRAS Exon 2 codon 12 / Exon 3 codon
09 (12 pts) Irinotecan + 61 / NRAS exon 2 codon 12 (1),
Panitumumab KRAS Exon 2 codon 12 / Exon 3 co-
2" or 3 line (JACCRO- don 61 (1)
non anti-EGFR chemo CC09)
OncoBEAMTMRAS CRC Kit.
CRICKET 28 25 RASand  1line cetuximab +  lIrinotecan+  RASwt 13  NRAS Q61L SD (1), KRAS G12V/ Q61H 44%
BRAF wild  (FOLFIRI or FOLF- Cetuximab RASmut 12 PD (1), KRAS G12V (4), KRAS G12D (6)
type OXIRI)
2"line bevacizumab + ddPCR for specific RAS and BRAF mu-
(XELOX OR FOLFOXIRI tations, and ultra-deep next-genera-
or FOLFOX) tion sequencing (NGS) with lon Tor-
rent S5 XL (Thermo Fisher Scientific,
Waltham, MA, USA).
E-RECHAL- 33 24 RAS Earlier line cetuximab Irinotecan +  RASwt 12 KRAS A59 Q61 (2), KRAS 50%
LENGE TRIAL wild type  + Chemo Cetuximab RASmut 12 G12 G13 (2), BRAF/KRAS G12 G13/

Chemo line (after Ce-
tuximab + Chemo)

(all refractory

to L-OHP, fluoropyrim-
idines,

irinotecan, cetuximab
and bevacizumab

KRAS A59 Q61 (1),

KRAS G12 G13/KRAS A59 Q61 (3),
EGFR S492R /KRAS G12 G13/BRAF(1),
BRAF /KRAS A59 Q61 (1), EGFR S492R
(1), EGFR S492R /KRAS A59 Q61 (1)

ddPCR assays on a QX200 digital PCR
system (BioRad laboratories) The PCR
data were quantified as copies/uL us-
ing QuantaSoft™ software (BioRad lab-
oratories).
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Table 2. Fixed effects model meta-analyses for secondary outcomes: summary results (ctDNA RAS wild vs ctDNA RAS mutant)

Studies

N Patients analyzed Meta-analysis RR 95% Cl p 12 statistics, %

Disease control rate [11, 14, 15] 4 64 Fix effects 1.74 (1.11-2.73) 0.02 0
Disease progression [11, 14] 2 49 Fix effects 0.44 (0.20-0.98) 0.04 0

3 months PFS 4 65 Fix effects 0.44 (0.23-0.83) 0.01 0

[11, 14, 15]

6 months PFS 4 65 Fix effects 0.77 (0.61-0.98) 0.03 0

[11, 14, 15]

6 months 0OS 3 4 Fix effects 0.21 (0.07-0.62) 0.005 0

[11, 15]

12 months 0S 3 4 Fix effects 0.46 (0.25-0.83) 0.01 0

[11, 15]

in combination with cytotoxic chemotherapy. Patients
with plasma ctDNA RAS wild type profile enjoyed
superior disease control rate, PFS and OS compared
to patients with ctDNA RAS mutation. Similarly, the
risk of progression at 3 months and 6 months, and
as well as the risk of death at 6 and 12 months was
lower in ctDNA RAS wild type patients.

Overall, we can report that RAS status assessment
continues to be useful in predicting benefit for anti-
EGFR treatment even in the context of rechallenge when
combined toirinotecan. Despite the probable presence
of new driver-mutations induced by the selective pres-
sure of antineoplastic therapy, host and microenviron-
mental milieu, these phenomena do not cancel the
pivotal importance of RAS mutation status in defining
biology and benefit from further anti-EGFR treatments.

The high proportion of patients with RAS status con-
version after primary anti-EGFR treatment (almost 50%
in our series) makes compulsory re-RAS profiling before
rechallenge. However, tumor re-biopsy is invasive, may
be associated with morbidity or be not feasible at all.
Moreover, biopsy specimens may be not representative
of the overall tumor biology due to intratumor hetero-
geneity. Indeed, the hypothesis of tumor heterogeneity
and co-existence of both RAS mutated and RAS wild
type clones in the primary tumor may partially explain
the onset of resistance to anti-EGFR antibodies and
subsequent treatment failure. Base on the Darwinian
theory, the application of anti-EGFR leads to suppres-
sion of RAS wild type clones and further expansion
of RAS mutated clones of the primary tumor ultimately
responsible for anti-EGFR resistance. In addition, acti-
vating extracellular domain mutations may also explain
the acquired resistance to anti-EGFR monoclonal anti-
bodies administration [16, 17]. For these reasons, liquid
biopsies constitute the most rapid and non-invasive
modality by which we can easily explore and monitor
the whole circulating tumor RAS status prior and dur-
ing therapy. Due to its high specificity and improving
sensitivity, the detection of ctDNA in the plasma may
constitute the standard of care in this setting, upon
further prospective validation.

The need of re-assessing RAS status after progres-
sion under an anti-EGFR chemo regimen is further
underscored by the possible decay of RAS mutated
clones after anti-EGFR therapy withdrawal. Thus, the
use of high sensitivity circulating DNA can promptly
identify patients who carry RAS wild type tumorsand are
candidates for anti-EGFR rechallenge therapy [17, 18].

Nonetheless, it should be underscored that, despite
the statistical significance was evident for any setting
and time-points analyzed, the results of this meta-anal-
ysis were based on only 65 patients recruited across
four different trials (JACCRO CC-08, JACCRO CCC-09,
E-RECHALLENGE and CRICKET). Thus, more extended
data are needed to drive firm conclusions. Furthermore,
since only four small studies were available and since
sample sizes were particularly low, accurate analyzes
by both fixed and random effect sizes were not fea-
sible [10]. It should be also noted that a meta-analysis
is based on published data and a meta-analysis of in-
dividual level data might define more clearly treatment
benefits [19]. Trials included in our analyses identified
data only from poster session of international confer-
ences and not from peer-reviewed reports.

Allowing for these caveats, our study presents
some novelties of paramount importance for clinical
practice. Firstly, this is the first meta-analysis and
the first full-paper peer-reviewed report evidencing
that currently available ctDNA data support the value
of ctDNA RAS status testing prior any treatment re-
challenge with anti-EGFR agents in colorectal cancer.
Secondly, considering that the proportion of patients
with RAS status conversion after primary anti-EGFR
treatment may be as high 50%, re-RAS profiling before
rechallenge will improve clinical outcomes in patients
with RAS wild type clones, and will prevent worthless
costs avoiding the use of expensive targeted-treat-
ments in patients harboring RAS mutations. Finally,
the use of ctDNA could be advised as the novel stan-
dard biopsy modality in this setting since it is the most
rapid and non-invasive method, and it overcomes tis-
sue tumor re-biopsy limitations (feasibility, invasivity,
potential morbidity, lack in representing overall tumor
biology and intratumor heterogeneity).

Appendix: Appendix is available under request
at smarovlahou@hotmail.com.

REFERENCES

1. Bokemeyer C, Bondarenko I, Hartmann JT, et al.
Efficacy according to biomarker status of cetuximab plus
FOLFOX-4 as first-line treatment for metastatic colorectal
cancer: the OPUS study. Ann Oncol 2011; 22: 1535—46.
doi: 10.1093/annonc/mdq632

2. Mauri G, Pizzutilo EG, Amatu A, et al. Retreatment with
anti-EGFR monoclonal antibodies in metastatic colorectal
cancer: Systematic review of different strategies. Cancer Treat
Rev 2019; 73: 41-53. doi: 10.1016/j.ctrv.2018.12.006.

3. Cremolini C, Rossini D, Dell’Aquila E, er al. Rechallenge
for patients with RAS and BRAF wild-type metastatic colorec-



256

Experimental Oncology 43, 252-256, 2021 (September)

tal cancer with acquired resistance to first-line cetuximab and
irinotecan: A phase 2 single-arm clinical trial. JAMA Oncol
2019; 5: 343—50. doi: 10.1001 /jamaoncol.2018.5080.

4. Venkatesan S, Swanton C, Taylor BS, Costello JF. Treat-
ment-induced mutagenesis and selective pressures sculpt
cancer evolution. Cold Spring Harb Perspect Med 2017; 7.
pii: a026617. doi: 10.1101/cshperspect.a026617.

5. Parseghian CM, Napolitano S, Loree JM, Kopetz S.
Mechanisms of innate and acquired resistance to anti-EGFR
therapy: a review of current knowledge with a focus on re-
challenge therapies. Clin Cancer Res 2019; 25: 6899—908.
doi: 10.1158/1078-0432.CCR-19-0823.

6. Osumi H, Shinozaki E, Yamaguchi K, Zembutsu H.
Clinical utility of circulating tumor DNA for colorectal cancer.
Cancer Sci 2019; 110: 1148—55. doi: 10.1111/cas.13972.

7. Parmar MK, Torri V, Stewart L. Extracting sum-
mary statistics to perform meta-analyses of the pub-
lished literature for survival endpoints. Stat Med 1998;
17: 2815—34. doi: 10.1002/(sici)1097-0258(19981230)
17:24<2815::aid-sim110>3.0.co;2-8.

8. Tierney JF, Stewart LA, Ghersi D, ef al. Practical
methods for incorporating summary time-to-event data into
meta-analysis. Trials 2007; 8: 16. doi: 10.1186/1745-6215-8-16.

9. Guyot, P, Ades AE, Ouwens MJ, Welton NJ. Enhanced
secondary analysis of survival data: reconstructing the data
from published Kaplan—Meier survival curves. BMC Med Res
Methodol 2012; 12: 9. doi: 10.1186/1471-2288-12-9.

10. Cai Z, Fan X. A comparison of fixed-effects and
random-effects models for multivariate meta-analysis using
an SEM approach. Multivariate Behav Res 2019; 15: 1—16.
doi: 10.1080/00273171.2019.1689348.

11. Rossini D, Cremolini C, Conca E, er al. Liquid biopsy
to predict benefit from rechallenge with cetuximab + irino-
tecan in RAS/BRAF wild-type metastatic colorectal cancer
patients with acquired resistance to first-line cetuximab
+irinotecan: Final results and translational analyses of the
CRICKET study by GONO Poster presented at: ESMO
20" World Congress on Gastrointestinal Cancer 20-23 June
2018 Barcelona https://www.postersessiononline.eu/
173580348 eu/congresos/20wcgic/aula/-O_7 20wcgic.pdf

12. Tsuji A, Eto T, Masuishi T, ez al. Phase II study
of third-line cetuximab rechallenge in patients with metastatic
wild-type K-RAS colorectal cancer who achieved a clinical
benefit in response to first-line cetuximab plus chemotherapy
(JACCRO-08). Ann Oncol 2016; 27: 510.

13. Tsuji A, Nakamura M, Watanabe T, et al. Phase 11 study
of third-line panitumumab rechallenge in patients with
metastatic wild-type KRAS colorectal cancer who achieved
a clinical benefit in response to first-line panitumumab plus
chemotherapy. (JACCRO-09) Ann Oncol 2018; 29: v68—9.

14. Osawa H, Shinozaki E, Nakamura M, et al. Phase
II study of cetuximab rechallenge in patients with ras wild-
type metastatic colorectal cancer: E-rechallenge trial. Ann
Oncol 2018; 29: viiil6l. https://pdfs.semanticscholar.org/
6f05/21b7dbecd15954b5c64011a1163a9¢36e822.pdf.

15. Sunakawa Y, Nakamura M, Ishizaki M, efr al. RAS
mutations in circulating tumor DNA (ctDNA) and clinical
outcomes of rechallenge treatments with anti-EGFR anti-
bodies in patients with metastatic colorectal cancer (mCRC).
Ann Oncol 2019; 30: iv114. https://www.sysmex-europe.com,/
fileadmin/media/f100/ Poster/Life_Science/, ESM 02019/
JACCRO_CC-0809AR_ESMO-GI2019_poster_submit.pdf.

16. Diaz LA Jr, Williams RT, Wu J, et al. The mo-
lecular evolution of acquired resistance to targeted EGFR

Copyright © Experimental Oncology, 2021

blockade in colorectal cancers. Nature 2012; 486: 537—40.
doi: 10.1038/nature11219.

17. Morelli MP, Overman MJ, Dasari A, et al. Char-
acterizing the patterns of clonal selection in circulating
tumor DNA from patients with colorectal cancer refrac-
tory to anti-EGFR treatment. Ann Oncol 2015; 26: 731—6.
doi: 10.1093/annonc/mdv005.

18. Siravegna G, Baredelli A. Failure is not final: ctDNA-
guided rechallenge therapy in colorectal cancer. Ann Oncol
2019; 30: 157-9. doi: 10.1093/annonc/mdy525.

19. Stewart LA, Parmar MK. Meta-analysis of the literature
or of individual patient data: is there a difference? Lancet 1993;
341: 418—22. doi: 10.1016/0140-6736(93)93004-k.

BIABIP XBOPUX HA METACTATUYHUIA
KONOPEKTAJIbHUW PAK AN191 NTOBTOPHOIO
JNIKYBAHHA AHTUTIJIAMU NPOTU EGFR,
BUXOASA4YM I3 BUBHAHEHHSA CTATYCY RAS
Y LWPKYIOIOYIW NYXJIMHHIA AHK Y MJIA3MI
KPOBI XBOPUX: METAAHANI3

M.C. Baauy, JI. Maypi*, I. 3apxageaic, Il. Hmeaaac, K. Taexac,
C. Ixoypa, I. Ilenmepoydaxic

Biddinenns meduuroi onkon02ii yHigepcumemcsbkoeo 20Cnimanto
M. Anina, 455 00 Huina, Ipeyis

CtaH nuTaHHs: Y Hewo[aBHO NpoBeaeHOMY pPaHAOMI30Ba-
HOMY O0CAIOKEHHI Ta KiNIbKOX KAiHIYHMX AocnigXeHHsax |l ¢pasun
Oyn0 nokasaHo, WO Yy XBOPMX HAa METACTATUYHWUIA KONOPEK-
TanbHUI pak 3 NPOrpecyBaHHAM MNpouecy Micns No3uTUBHOI
BiQMOBIAI HA NiKyBaHHA aHTUTINaMM NPOTK peuenTopa enigep-
manbHoro daktopa pocty (EGFR) moxHa pocsartv nopanb-
LUIOr0 MO3UTMBHOMO KAiHIYHOrO pe3ynbTaTy Micis NOBTOPHOro
3aCTOCYBaHHS Takux aHTUTIN. BusHaueHHs ctatycy RAS y ump-
Kynotodin nyxnunnHnin AHK (unHK) nepen noBTOpHUM 3aCTo-
cyBaHHsAM aHTuTiN npotu EGFR Moxe ctatm obHaginnnsmm
HeiHBa3nBHUM METOAOM AN nependavyeHHs NO3UTUBHOI Bif-
noBiAj Ha Taky MOBTOPHY Tepanito Ta NOAaNbLLIONO BiACTEXEHHS
KNiHiYHOI Bignogiai. Mera: OuiHUTU CMPOMOXHICTb PIAVHHOI
6ioncii unAHK y Bu3HayeHHi ctatycy RAS Ta nepenbayveHHi
pe3ynbTaTy JiKyBaHHS XBOPUX HA MEeTacTaTU4HUIA KOJIOpEeK-
TanbHWUIM pak NPV NOBTOPHOMY 3aCTOCYBaHHI MOHOKNOHAJIbHUX
aHTuTin Nnpotn EGFR. Marepiann ta merogn: CucremaTtuny-
HUI OrNaA NiTepaTtypu Ta MeTaaHania JOCTYNMHUX Pe3ynbTaTiB.
Pe3ynbtaTtu: JOCTYyNHUMN ANS aHani3y BUABUANCS OaHi 4HOTuU-
PbOX JoChiAXEHb, ki oxorntoanu 117 xBopux. Y BCiX NauieH-
TiB Y NYXIMHHUX KNiTUHax 6yno Bu3HavyeHo RAS gukoro tuny.
Micna 3actocyBaHHs aHTUTIN NpoTn EGFR ak Tepanii nepLuoi
NiHii y BCIX UMx xBOpUX 6yN0 AOCATHYTO NO3UTMBHOIO PE3Y/b-
Taty. Y 65 naujieHTiB nepen NOBTOPHMM 3aCTOCYBaHHAM aHTU-
Tin npotn EGFR 6yno npoaHanizosaHo ctatyc RAS y unaHK.
JaHi wopo umx xBopux 6ynu npuaaTHUMM oA NoganbLIoro
ananigy. Buasunocs, wo y 35 nauieHtiB unJHK mictuna RAS
nukoro Tuny, a'y 30 xeopux RAS 6yB myToBaHuM, To6TO Yy 46%
nauieHTiB nicna neplioro Kypcy Tepanii Biadynacsa KOHBep-
cis ctatycy RAS. NoBTOpHMIN KypC Tepanii aHTuTinamm npoTn
EGFR y xBopux 3 RAS aukoro tuny y unAHK naBs no3antmneHuii
pe3ynbTaT 3a NoKa3HMKaMn BUXMBAHOCTI 6e3 nporpecyBaH-
HA (BigHOwWweHHS puankis (BP) 0.40; 95% posipunii iHTepean
(4l) 0.22-0.70; p = 0.001; 1>=0) Ta 3aranbHOi BMXWUBAHOCTI
(BP 0.37; 95% [ 0.16-0.85; p = 0.02; I12= 74%) y NOPIiBHSAHHI
3 BiANOBIAHMMIM pe3ynbTaTaMin B Frpymni XBOPUX, Y AKUX OyJ10 BU-
3HayveHo myTauiio RAS y unAHK. Y xsopux 3 RAS gukoro tuny
y unIHK B nnaami KpoBi kpaLLMmMm Takox Oynv NOKa3HUKK CTa-
Ginisauii npouecy, pu3nKy nporpecyBaHHst yepe3 3 Ta 6 mic
Ta pM3nKy cmepTi Yepes 6 Ta 12 mic. BUCHOBKM: BU3HAYEHHS
ctarycy RAS mae npeoukTMBHE 3HAYEHHS LWOA0 pe3ynbTaTiB
Tepanii aHTutinamu npotn EGFR.

Kmoyosi cnosa: unpkyniotoya nyxnnHHa AHK, aHTuTina npotn
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